SUPPLEMENTARY METHODS

Transverse Magnetic Tweezers
The setup that we use in our experiments is based on the first report of DNA stretching in the focal plane with some modifications as illustrated in Supporting Figure 1 (1). Home-made channel is made to contain this setup in a closed chamber that allows us to have a reliable buffer changing mechanism. The magnet is located outside of this channel, and the position of the magnet is controlled by XYZ manipulator. The buffer is changed using syringe pump to minimize perturbation to the setup and improves repeatability in each experiment. The force induced by the flow during acquisition is estimated to be ~ 10 pN (perpendicular to the stretching force of the magnet). The stretching force by the magnet is calculated by using the bead thermal motion (2): 
